INTRODUCTION
Fatty alcohols of C-8 and C-10 chain lengths are used to inhibit the growth of axillary buds (suckers) in the commercial production of tobacco (1) . Emulsions of the fatty alcohols formulated with the proper amount and type of s,urfactant (2) selectively inhibit or kill young tobacco suckers on contact, but have no effect on the more mature, commercially valuable leaves. The fattyalcohol contact-type sucker-control agents have been extensively studied in various tobacco-producing areas for their efficacy and effects on leaf quality (3, 4, 5, 6) . Surfactants widely used in the preparation of commercial formulations of the fatty alcohols are polyoxyethylene [20] sorbitan monooleate [Tween 80] and closely related products (2) . These surfactants are complex mixtures of polyoxyethylene ethers of mixed partial oleic esters of sorbitol anhydrides. Besides containing these mixed-function derivatives, the surfactants also contain free polyoxyethylene. Previous studies (7) with Tween 80-14 C-1-fatty acid and 14 C-U**-ethylene oxide applied to various classes of field-grown tobacco have shown that calculated residue levels ranged from about 0.41 to 1.45 ppm. These levels may reflect the residues of either the mixed-function derivatives or the free polyoxyethylene, depending on whether the label was on the fatty-acid moiety or on ethylene oxide. Further studies by Tso and Chu (8) showed that most of the residue from Tween 80 applied on field-grown tobacco was hydrolyzed to free polyols and fatty acids. The study reported here was undertaken to monitor polyoxyethylene[20]sorbitan monooleate (Tween 80) residues remaining on green and cured tobacco leaf treated with a sucker-control agent formulated with this surfactant. 
EXPERIMENTAL

Materials and Methods
Plant Material: Nicotiana tabacum L. cv. "Maryland 10" was grown at Beltsville, Maryland, by conventional cultural practices. Sucker-control chemicals were applied to plants which had been decapitated or topped after they had reached mid-bloom. The spray formulation was an emulsion consisting of a mixture of 1-octanol and 1-decanol (approximately 45% C-8 and 55% C-10), with polyoxyethylene[20Jsorbitan monooleate [Tween 80 ] as the surfactant. The emulsion was applied at the rate of 30 ml/plant with a shoulder-type sprayer, so that a coarse spray was directed downward over the stalk and leaves.
Three experiments were conducted:
The purpose of this experiment was to ascertain the levels of Tween 80 in field-grown tobacco between the time of treatment and harvest (14 days after treatment) and then after harvest during the curing period in the barn. Field-grown plants were treated with a preparation containing 4% of the 1-octanol plus 1-decanol formulation and 1% of Tween 80 (three replicates in a randomized block design). The fatty-alcohol treatment was followed by sprays containing maleic hydrazide [MH), 1,2-dihydro-3,6-pyridazinedione, applied at the rate of 3 lb./gal. as MH-30 (170 mg active ingredient in 20 ·m1 of spray per placit). Top and bottom leaves were removed from the field-grown plants 1, 7 and 14 days after treatment with the suckering agent and from stalks in the barn during the curing period 28, 32 and 46 days after the treatment. Plants treated with MH alone were used as ·controls. The top and bottom leaves were ** uniformly lobded All samples were freeze-dried, ground to pass a 40-mesh screen in a Wiley mill, and stored at 15 °C until analyzed.
Analytical procedure
The hydrophilic characteristic of Tween 80 is supplied by the free hydroxyl groups in the mixed-function (oleic acid esters and polyoxyethylene ethers) derivatives of sorbitol anhydride and free polyoxyethylene. The hydrophobic characteristic is supplied by the oleic acid moieties. Extraction was based upon these two characteristics and led to two fractions -one consisting of the mixed-function derivatives (hereafter called Tween 80 Esters) and the other consisting of free polyoxyethylene compoUnds (called Tween 80 free Polyols). Analysis of these fractions followed, and that of the Tween 80 Esters was based on the free polyols (ester-derived free polyols) formed when they were hydrolyzed. The tobacco sample (3.0 g) was extracted with a ternary mixture (ethyl acetate/ethanol/water 83/8/9 (v/v/v)) in a Soxhlet apparatus for 96 hours. The Tween 80 Esters and free Polyols were then partitioned between ethyl acetate and water, so that the Tween 80 free Polyols were extracted into the water, and the Tween 80 Esters remained in the ethyl acetate fraction. The Tween 80 Esters were saponified by alcoholic KOH, and the hydrolysate was neutralized by HCI. The neutralized solution was partitioned between hexane and water so that the esterderived free polyols were contained in the water fraction. Both water fractions, one containing the Tween 80 free Polyols and the other containing the ester-derived free polyols, were purified separately by passing through a mixed-bed ion-exchange resin column (TMD-8*, anion dyed) eluted with water. The colorless eluates were * obtained from lllinoi. Wmr Treammn Co .
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treated so that the free polyols were precipitated as their barium phosphomolybdic complexes, which were then dissolved in concentrated sulfuric acid. Molybdenum in solution was then convened into the molybdenum thiocyanate complex, which is yellow-amber and was measured spectrophotometrically at 420 mp. (9, 10 Esters decreased significantly between days 28 and 32, and then remained unchanged. The level of the free polyols in the top leaves remained unchanged throughout the curing period. For the bottom leaves, neither the ester level nor the free polyol level decreased significantly during the ef!.tire 46-day growing and curing period. At the end of the curing season, the bottom leaves contained about half as much Tween 80 Ester and free Polyol residues as the top leaves. Differences in residues between the top leaves and bottom leaves are considered .to have been due to the technique of applying the contact-type sucker-control agent. It was applied so that the uppermost leaves received the largest portion of the chemical spray, but all leaves most likely received some spray due to plant shape and spray run-off from leaf to leaf. Table 2) : During the first 24 hours after treating tobacco plants with a sucker-control spray containing 1 % Tween 80, the bottom leaves contained considerably less total Tween 80 residues (fween 80 Esters plus free Polyols) than the top leaves (ea. 400 ppm for top vs. ea. 50 ppm for bottom). This finding is consistent with results obtained in Experiment No. 1. Also, the levels of Tween 80 Esters and free Polyols in the top leaves decreased by 69% and 51%, respectively. The decrease in esters was greatest between hours 6 and 24, whereas the decrease in free polyols was greatest between hours 0 and 3, The levels of Tween 80 Esters and free Polyols in the bottom leaves remained unchanged, in agreement with the results of Experiment No. 1 . In contrast to leaves, the upper haH of stalks accumulated significant amounts of the Tween 80 Esters and free Polyols during the 24-hour period. Smith and Foy (11) reported that 14 C-labeled oxyethylene and acid materials applied on a bean plant moved slowly away from the treated spot. The amount of material that moved, however, represented only 1.3% to 3.1% of the total over a 4-day period. There may have been a greater movement of residue from leaves to stalks in our study, which showed Tween 80 Esters increasing from 294 ppm to 690 ppm and free Polyols increasing from 373 ppm to 635 ppm. Likely, the increases were not d~e to a surface movement of Tween 80 from leaves to the stalk. Perhaps Tween 80 per se or its metabolites were translocated from the leaves to the stalk after being absorbed.
Experiment No. 2 (
Experiment No. 3 (fable 3): The levels of Tween 80
Esters in both top and bottom leaves, and in both green and cured leaves, were significandy higher when Tween 80 was applied at 1.36% than at 0.68 %. There were also higher levels of Tween 80 free Polyols in green and cured bottom leaves, but not in top leaves due to the higher concentration of Tween 80 applied. Overall, top leaves contained more residues than bottom leaves. However, the average level of Tween 80 residues in bottom leaves was nearly twice as high for the 1.36% than for the 0.68% application rate (ea. 92 vs. ea. 202 ppm). For top leaves, the difference in residue levels between the two application rates was not so great (ea. 196 ppm for 0.68 % vs. ea. 267 ppm for 1.36% application rate). Hagen, Clagett and Halgeson (12) showed that the butyl ester of 2,4-dichlorophenoxyacetic acid was hydrolyzed in castor bean after application. Such a hydrolysis of esters can be mediated by plant enzymes. the stalks. To confirm such a concept, studies with labeled Tween 80 to follow its movement and that of its degradation products may need to be undertaken.
SUMMARY
Surfactant residues (fween 80 Esters and Tween 80 free Polyols) were determined in Maryland tobacco treated with a fatty-alcohol-type sucker-control formulation. The levels of residues in leaves decreased throughout the growing and air-curing periods, but decreased the most during the first 24 hours after treatment. Factors affecting Tween 80 residue levels included dosage and location of leaves on the plant. 
REsUME
On a cherche a dOCeler des residus tensio-actifs (esters de Tween 80 et polyoles libres du Tween 80) sur du tabac Qu Maryland ayant CtC traitC avec un inhibiteur du type alcool gras. Les quantitCs de rCsidus diminuerent pendant toute la pCriode de croissance et lors du processus de sCchage «air-curing,., mais la baisse la plus importante fut cependant surtout constatCe dans les premieres 24 heures ayant suivi le traitement. Les facteurs ayant le plus influC sur la teneur en rCsidus furent, entre autres, la dose appliquCe et la position des feuilles sur la tige.
